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PSYCHOMETRIC PROCEDURES FOR MEASUREMENTS OF EQUAL 
LOUDNESS LEVEL CONTOURS 
M Lydolf (1 ), PC Frandsen (2) & H Moller (1) 
(1) Acoustics Laboratory, Aalborg University, Denmark, (2) ENT - and Audiological Department, 
Aalborg Hospital , Denmark 
1. INTRODUCTION 
Knowledge of human hearing sensitivity and loudness perception is essential 
in a number of applications within noise assessment and audiology. At 
present, data on binaural loudness perception of pure tones in a free field are 
given in the standard ISO 226 of 1987 [1 ]. For the frequency range 20-
12500 Hz this standard covers minimum audible field and equal loudness 
level contours in the level range up to 100 phon. ISO 226 is based on 
experimental data made by Robinson and Dadson in 1956 [2]. However, a 
number of later experiments [3,4,5,6,7] have not been able to reproduce the 
equal loudness level contours given in ISO 226, nor to get comparable results 
from different laboratories. Fig. 1 shows the difference between ISO 226 and 
the mentioned later experiments for the 40 phon level. The standardized 
levels are significantly lower than what any other experiment has shown, 
especially at frequencies below 1 kHz. For a fixed frequency, e.g. 63 Hz, 
loudness levels can be plotted versus sound pressure levels as shown in 
Fig 2. Relatively larger deviations are found between the measured loudness 
levels than the hearing thresholds found in the lower left side of the curves. 
The working group ISO/TC43/WG1 has decided to make a revision of 
ISO 226. In order to get more consistently data from different laboratories a 
number of pref erred test conditions have been specified for both threshold and 
loudness experiments [8]. As regards the free field hearing thresholds, which 
showed relatively good agreement, are now standardized in ISO 389-7. A 
similar work on loudness data is now in progress. 
The aim of this experiment is to produce data for the standardization work, 
hence the preferred test conditions are followed strictly. In the final experi-
ments free field hearing thresholds will be measured for 25 otological normal 
subjects at each of the 1 /3 octave frequencies from 20 Hz to 20 kHz. 
Loudness level measurements are planed to include the frequencies below 
1 kHz only, at levels ranging from 20 phon to 100 phon. In the following the 
psychometric method used for loudness level measurements are considered 
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based on experiences from a methodology study of psychometric functions 
used for threshold measurements [9] and results from other investigations of 
equal loudness contours. 
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Figure 1: Equal Loudness data for 40 phon from ISO 226 and newer 
experiments. 
100 
c 80 
0 
.i:: 
e:. 
ai 
> 
60 
(I) 
...J 
"' 
"' 40 (I) 
c 
,::, 
::, 
0 
...J 20 
0 
20 40 60 80 100 120 140 
Sound Pressure Level [dB] 
Figure 2: Equal loudness data for 63 Hz from ISO 226 and newer experi-
ments. The use of symbols are similar to those used in Fig. 1. 
For threshold measurements, the preferred test conditions specify the use 
of the ascending or the bracketing method as standardized in ISO 8253-1 
[1 O]. We have previously found good agreement between results from these 
methods [9]. The methods were based on simple detection where the subject 
pressed a button if he/she was able to hear a presented tone. However, the 
preferred test conditions does not specify a psychometric function for loudness 
experiments except that it should be implemented as a 'Two Alternative 
Forced Choice' method. This is usually done by presenting pairs of tones for 
the subject separated by a short pause. One tone is the reference tone with 
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fixed level and a frequency of 1 kHz, the other is the test tone with a different 
frequency and variable level. The test tone and the reference tone are 
presented in random order. The subject has to indicate by pressing a button 
which of the first or the second tone was perceived as the loudest. When the 
test tone and the reference tone are equally loud, the point of subjective 
equality (P.S.E.) is found. 
2. LITERATURE STUDY 
Usually the method of constant stimuli has been used as the psychometric 
method for loudness experiments. An experiment performed by Gabriel et al. 
[11] has shown that different intervals of stimuli levels used by a constant 
stimuli method can produce different P.S.E.'s. It was possible to reproduce 
data from two earlier german experiments with an internal difference 
exceeding 10 dB on a 30 phon curve. The results of Gabriel's experiment 
showed a bias on the P.S.E for the method towards the gravity point of the 
presentation level interval. 
Only a few investigations have used an adaptive psychometric method for 
loudness measurements. M0ller and Andresen [3] used the Method of 
Maximum Likelihood based on estimation of the mean value, µ and standard 
deviation, a of the psychometric function. After each presentation of a tone 
pair a new estimate of µ and a were calculated and the next stimulus was 
randomly chosen among the 5 levels: µ, µ±a and µ±2a. The estimates of µ 
and a were restricted to integer values and the method terminated when each 
of the 5 dynamic changing levels had been presented. Data from this 
experiment is mainly covering the infrasonic frequencies but for 31 .5 Hz and 
63 Hz they show a good agreement with other experiments. 
Another experiment which has used an adaptive method is Watanabe [5]. 
Here a bracketing method is made with a step size of 2 dB. The first 
presentation level for the test tone was chosen 15-20 dB above the ISO 226 
level and it was usually evaluated as the loudest tone. This started a descend. 
After each change in the responses during a descend (ascend) a jump of 4-
5 dB were made in the same direction and an ascend (descend) was 
following . The data from Watanabe's work are in general placed at a higher 
sound pressure level than other data. Again a bias towards the gravity point 
of the presentation levels can be expected and give an explanation of the 
relative high levels of the P.S.E.'s. Watanabe also measured some loudness 
points with a method similar to the method used by M0ller and Andresen. This 
gave lower values compared to the bracketing method, see Fig . 1. 
3. METHOD 
A system for hearing threshold and equal loudness level measurements in 
free field has been established in our laboratory. Before the main experiments 
of this work wi ll be carried out, some pilot experiments are needed to test and 
improve the design of a psychometric method for equal loudness measure-
ments. Based on the literature study an adaptive method is preferred . Two 
pilot experiments are planed with adaptive methods to examine the effect of 
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the start point and to examine biasing effects in the method. 
In the first pilot experiment 3 different methods will be tested at 50 phon, 
100 Hz with start points at 40, 55, 70, 85 and 100 dB SPL for the test tone 
chosen in random order. A bracketing method very similar to the method used 
by Watanabe will be used together with a bracketing method using 5 dB step 
size. The latter using an interlacing of the levels to improve the resolution of 
the presented levels . The rn"'th,v1"' ·•• minated after 6 ascends and 
descends. The third method .., Method of Maximum Likelihood used by 
Moller and Andresen. To start this method some initial presentations are 
needed for the estimation ofµ and cr, so an ascend and a descend with 10 dB 
steps are placed at first. · 
In the second pilot experiment the 50 phon level at 100 Hz is measured 
with the interlaced bracketing method. The start point is the ISO 226 level and 
the first ascend/descend is using 10 dB steps, the following 6 ascends-
/descends are using 5 dB steps. One repetition is made. The individually 
measured P.S.E. at 100 Hz is next used as the reference tone to measure the 
P.S.E. at 1 kHz, to see whether it is possible to return to 50 dB. The idea is 
that if tone A is just as loud as tone B then B must be just as loud as A. 
Otherwise the method used to measure the point of equality is biased. 
Preliminary results obtained until now supports the hypothesis of a bias 
towards the point of gravity of the presentation levels. Furthermore the start 
level of the test tone seems to influence the final result obtained by an 
adaptive psychometric method. 
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